heating rate of 5 deg min -1 . The residues of Py-1-SWNT and Py-2-SWNT after the TGA measurements were found to consist of only carbon atoms by XPS measurements. shown. The G/D ratio reflects the relative amounts of sp 3 carbon, and is used to determine the degree of sidewall functionalization. 1 The G/D ratios of PhI-SWNT (4.6 and 5.6 by excitation at 532 and 633 nm, respectively) are much smaller than those of p-SWNT before functionalization (9.2 and 9.9), which is reasonable considering that the iodophenyl functionalization increases the defect sites on the sidewall of SWNT. The G/D ratios of Py-2-SWNT (4.6 and 5.5) are largely equal to those of PhI-SWNT. It means that the pyrene reagent reacted with the iodophenyl group solely and did not attack the sidewall of SWNT during the second step reaction. Meanwhile, the G/D ratios of Py-1-SWNT (6.3 and 6.1) are larger than those of PhI-SWNT and Py-2-SWNT, reflecting the lower total covalent functionalization ratio. SWNTs, respectively. 2 According to the supplier data, the content of metallic SWNTs is < 5%. b, Estimation of the chirality composition of p-SWNT by peak fitting of the S 11 absorptions. The peaks are labeled by the corresponding chiral indices with the same color. The red dotted line shows the sum of all the peaks and baseline. The composition of each (n,m) was calculated as the ratio of the area of the certain peak to the sum of all the peak areas (composition (n 1 ,m 1 ) = area (n 1 ,m 1 )/Ʃ area (n,m)), 3 resulting in 53% (6,5), 12% (6,4), 12% (7,5), 8% (8,4), 6% (10,2), 4% (9,4), 4% (7,6), and 1% (8,3). Note here that the content of metallic SWNTs is excluded from the calculation. Fig. 4 .
The experimental UV-vis absorption spectrum of Py-1-SWNT as depicted in Fig. 2 is also shown for comparison. Note here that the optimized structure and oscillator strength of the PP dimer with the type 1 configuration are shown in Fig. 6 . showed an instantaneously formed (< 0.1 ps) transient species with a maximum around 650 nm. This state is metastable and formation of another species follows, which is characterized by a positive signal at 530 nm and a long lifetime (> 6 ns, i.e., beyond the time limit of the present system for the TA measurements). We can assign these two species to the second and first singlet excited states, respectively. 5 The long decay lifetime of the second species (> 6 ns) is consistent with the emission lifetime of Py-ref (30 ns, Supplementary Fig. 18 ). 
